Foaming promoted the conjugal transfer of IncN plasmid R269N-1 in Escherichiu coli; the theoretical basis of this phenomenon is described. The hypothesis that N-mating in conventional (non-foaming) liquid media is precluded by the fragility of the N-pilus is questioned. The environmental significance of foaming is briefly considered.
INTRODUCTION
It is generally accepted that the conjugal transfer of IncN plasmids (N-mating) occurs efficiently only on the surface of solid media (Dennison & Baumberg, 1975 ; Bradley et ul., 1980; Bradley, 1981 ; Rodriguez & Iyer, 1981 ; Gill & Iyer, 1982) , and this has been attributed to the fragility of N-pili in liquid media (Bradley et al., 1980; Bradley, 1981) . However, it was recently shown that the apparent requirement for solid media can be explained in terms of surface tension (Singleton, 1983) . From this finding it may be predicted that N-mating should occur in a foaming liquid since surface energy is available, e.g. within the lamellae of the foam (Davies & Rideal, 1961); moreover, bacteria are known to be concentrated in surface films and bubbles (Bezdek & Carlucci, 1972 ) -thus increasing the potential for cell-cell contact. This paper confirms that foaming does indeed promote N-mating.
METHODS
Parent cultures were prepared according to Dennison & Baumberg (1975) using as donor Escherichiu coli J53 containing R269N-1, and as recipient a strain of E. coli 553 which was chromosomally resistant to nalidixic acid.
Mating mixtures, each 6 ml, were prepared from equal volumes of donor and recipient parent cultures and incubated for 30 min at 37 "C. Control matings were not shaken; experimental matings were shaken vigorously by hand for 10 s a t 5-min intervals to generate foam. After 30 min incubation 0.05 ml aliquots of each mating mixture were plated for transconjugants on agar containing nalidixic acid, ampicillin and kanamycin, and incubated overnight at 37 "C. [N-mating can occur on plates containing antibiotics (Dennison & Baumberg, 1975; Gill & Iyer, 1982; Singleton, 1983) ; such plates therefore permit the growthof transconjugants formed on the plate as well as those, if any, present in the inoculum.] The experiment was carried out four times to check reproducibility.
RESULTS A N D DISCUSSION
Plates inoculated from the foaming media invariably yielded approximately twice the number of transconjugant colonies (mean 2-3 x ) compared with plates inoculated from control matings; mean transfer frequencies were 9 x in experimental matings. Previous work with R269N-I (Dennison & Baumberg, 1975) , confirmed in this laboratory, has shown that transfer of this plasmid in conventional (non-foaming) liquid media is negligible, since similar yields of transconjugants are obtained when mating mixtures are plated with and without an initial period of incubation in liquid media; in other words, mating occurs only after the mating mixture has been spread on to the surface of a plate. [This apparent requirement for solid surfaces is a feature of conjugal transfer mediated by those plasmids which in control matings, and 2.1 x 0022-1287/83/O001-1301 $02.00 0 1983 SGM P. SINGLETON specify rigid pili -e.g. IncM, IncN, IncP and IncW plasmids (Bradley et al., 1980) .] Thus, in the present work, transfer recorded for the conventional (non-foaming) control matings is attributable to mating which occurred subsequent to plating. Since transfer frequencies recorded from the foaming media were consistently higher than those from controls, and since plating and all subsequent steps were identical in control and experimental matings, it follows that transfer in the experimental matings must have occurred not only on the plates (as in control matings) but also in the foaming liquid media, i.e. transfer frequency in the foaming liquid media was 1-2 x
The increased transfer frequency recorded from the foaming media was not due to increased aeration of the (vigorously shaken) mating mixtures since the transfer frequency of this plasmid is similar under aerobic and anaerobic conditions (Singleton, 1983) . Moreover, shaking per se is unlikely to have stimulated conjugal cell-cell contact since high shear forces are known to disrupt, rather than promote, cell-cell contact -at least in F-type mating systems (deHaan & Gross, 1962; Achtman et al., 1978) ; additionally, any increase in collision rate (due to shaking) is unlikely to have stimulated conjugal transfer since (i) collision rate was not a limiting factor under these conditions (Cullum et al., 1978) , and (ii) additional collisions may disrupt any cellcell contact previously established (Collins & Broda, 1975) . Hence, the results of these experiments indicate that foaming per se can promote N-mating, a finding which supports the view that the lack of N-mating in conventional (non-foaming) liquid media is due to the lack of appropriate surface forces (Singleton, 1983) .
That N-mating was enhanced despite vigorous shaking indicates that its absence in conventional liquid media cannot be due to fragility of the N-pilus as suggested by Bradley and his coworkers (Bradley et al., 1980; Bradley, 1981) . N-pili may or may not be fragile, but these results indicate that N-mating can nevertheless occur in liquid media if appropriate surface forces are available. If N-pili are fragile they must be able to regenerate rapidly to allow mating to occur under the conditions described above.
The promotion of N-mating by foaming may have environmental significance. Foam is a common sight on rivers and estuaries, particularly those polluted with sewage effluents; such foam could provide suitable conditions for the conjugal transfer of IncN plasmids -first, by its increased concentration of bacteria compared with the main body of water (Bezdek & Carlucci, 1972) , and secondly, by providing the surface energy necessary for this type of conjugation. It is possible that foaming may offer the only opportunity for conjugal transfer of IncN plasmids in a wholly aquatic environment; in soil, and on the surfaces of exposed sediments etc., the opportunity for transfer is much greater owing to the forces of surface tension associated with the thin films of surface water (Singleton, 1983) . compared with about zero in non-foaming media. University of Leeds, and I thank Diana Sainsbury for stimulating discussions.
